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(57) Abstract: A charging system (10) for recharging a remote control module batteries (15) includes electrical contact pads (14) 
S (^^)> contact pad (14) includes a deicing circuit (28), and a charge enabling switch (36), and is mounted on a post or 

door frame which engages a sliding gate (12). The second contact pad (18) is connected to the remote control module (15), and is 
Q mounted on a sliding gate (12). A chaige-enabling switch (38) is operative to cause a chaise current to flow ftxjm a power source 

(32) to the remote control module batteries (15) through the first and second pads (14) and (18), when the first and second pads (14) 
^ and (18) are in electrical communication. 
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RECHARGING SYSTEM FOR A 
REMOTE CAPACmVE SENSING APPARATUS 



RELATED APPLICATION 
This application claims priority of Uxiited States Provisional Patent 
S Application Serial No. 60/382,378 filed May 22, 2002, v^iich is incorporated 
herein by reference. 

FIELD OF THE INVENTION 
The present invention relates to recharging systems and more 
particularly to recharging systems for use with remote control devices 
10 incorporated into object detection systems that utilize c^acitive sensing 
techniques. 



BACKGROUND OF TEDS INVENTION 
It is common knowledge to sense the presence of an object using 
capacitive sensing techniques. Illustratively, an oscillator is operative to 

IS deliver a pulsed signal to a sensing element wherein the sensing element 
provides one of the plates of a c^acitor that generates an electromagnetic field. 
When a grounded object approaches the field; it serves as the second plate of 
the capacitor whereby the capacitance that is formed between the sensing 
element and the groimded object varies with the distance between the same. 

20 Such a capacitive presence sensing apparatus is disclosed in U.S. Patent No. 
5,337,034 to Simon. The apparatus therein has been used with various devices 
such as parking gate arms, lift gates and slide gates, and the Uke. When used 
on lift gates and slide gates, the capacitive sensors are connected to remote 
control modules. The remote control modules are typically mounted to the 

25 movable portions of the gates and comprise wireless communication circuitry 
and an internal power source such as a rechargeable battery. 

To recharge the batteries of the remote control modules, 
complementary charging contacts are mounted to the movable portion of the 
gate and to a structure adjacent to the movable portion of the gate such that 
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charging power can be delivered to the batteries when the gate is closed. 
H6wever, under certain conditions it is possible for snow and ice to collect on 
these charging contacts thereby rendering the charging system ineffective. 

Accordingly, a charging system utilizing a pair of complementary 
S contacts and a heat dissipating element having a heat sink has been developed. 
Additionally, the charging system includes a power-saving mode for increasing 
the useful life of the battery. 

SUMMARY OF THE INVENTION 
The present invention provides a rechargmg system for a remote control 
10 module wherein the charging system includes elements that allow the system to 
maintain its charging capability in inclement weather such as snow and ice, and 
includes a safety mechanism to prevent inadvertent shock or injury to the user. 

The charging system provides complementary electrical contact pads 
wherein a first pad is in electrical communication with a power source and a 
1 5 second pad is in electrical communication with a rechargeable battery. 

A deicing circuitry is disposed on the first pad that is coimected to the 
power source such that the necessary current needed to energize the deicing 
circuitry can be obtained readily firom a substantially unlimited soxuxse. 

A deicing switch is provided in electrical communication with the 
20 deicing circuitry and the power soiu*ce. The deicing switch is operative to 
energize the deicing circuitry at or below a predetetmined temperature 
threshold. 

A charge enabling switch is disposed on the first pad and is operative to 
permit a charge current to flow firom the power source to ttie rechargeable 
25 battery through the first and second pads when the first and second pads are in 
electrical consmunication. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be bett^ understood by reference to ttie 
following detailed description in conjunction with the accompanying drawings 
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in which the like reference characters refer to like parts throughout the several 
views and in which: 

Figure 1 illustrates a perspective view of a charging system for a remote 
control apparatus wherein the remote control apparatus is mounted to a sliding 
5 gate; 

Figure 2 illustrates a schematic view of the supply and switch side of 
the recharging system as according to the invention; 

Figure 3 illustrates an enlarged view of the contact pads of the 
recharging system being brought into electrical communication by closing the 
1 0 sliding gate of Figure 1 ; 

Figure 4 exempHfies an embodiment of a contact pad which may be 
used on the load side of the recharging system; 

Figure S exemplifies a contact pad which may be used on the supply 
side of the recharging system; 
15 Figure 6 illustrates an exploded view of a remote control device which 

includes the rechargeable battery and a malfunction indicator enabling switch 
as accordmg to the invention; 

Figure 7 illustrates an embodiment of the recharging system 
incorporating a magnetic proximity switch as used with a conventional garage 
20 door; and 

Figure 8 illustrates an enlarged view of the spindle portion of the garage 
door assembly wherein the spindle houses the magnetic proximity switch 
sensor. 

DETAILED DESCRIPTION OF THE INVENTION 
25 The present invention provides a recharging system for use wifli a 

remote control module having a rechargeable battery and more particularly to a 
remote control module mounted on a movable object such as a sliding or lift 
gate. The inventive charging system provides additional features for enabling 
effective charging during inclement weather when snow and ice may form on 
30 various elements of the charging system to degrade the system*s performance. 
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Additional features are added to protect against shock or injury to those coming 
into contact with the charging system inadvertently. 

As shown in Figure 1, the charging system 10 includes a pair of 
complementary electrical contact pads 14 and 18. The first contact pad 18 

5 includes a deicing circuit and a charge enabling switch which prevents 
inadvertent shock or injury to those who may come into contact with the 
exposed pad. The second pad 18 is moimted to a movable object such as a 
sliding gate 12 or door while the first pad 14 is mounted to a fixed member 
such as a post or door firame which engages the sliding gate 12 when the gate 

10 12 is moved to a closed position. The second pad 18 is connected to a remote 
control module 15. 

Each contact pad includes a nonconductive support portion 22 disposed 
with at least one electrical contact. As illustrated in Figure 3, the support 
portion 22 of the pad 18 is mounted on an outer portion of a resilient strap 20 

15 which may be provided in the form of a V-shaped leaf spring. It is appreciated- 
that other forms of resilient straps known to those skilled in the art may be used 
that are suitable for the purpose described herein. The strap 20 that supports 
the second pad 18 is mounted to a bracket 22 that is attached to tiie gate 12 via 
a conventional fastening means. The second pad 18 is attached to the resilient 

20 strap 20 at one end whereby the second pad 18 is supported thereto m an 
angled fashion. The first pad 14 is attached to a second resilient stn^ 20 in a 
complementary fashion to the second pad 18 such that when the pads abut one 
another upon the closing of the door 12, the resilient straps 20 become 
increasingly compressed such that the contact pads 14 and 18 become oriented 

25 substantially vertical when the sUding gate 12 is completely closed. 

Preferably, the nonconductive support portion of each pad is formed of 
an extrudate material which may illustratively mclude Delron, nylon or 
polyethylene. Other nonconductive materials that may be used for the 
nonconductive support portion 22 may illustratively include plastic, rubber or 

30 wood. 
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As shown in Figures 4 and S, the first 14 and second 18 pads include 
conductive members 24 and 26 respectively arranged on the nonconductive 
support portion 22 in a complementary manner to facilitate electrical 
communication between the conductive members 24 and 26 when the pads are 

5 engaged. As illustrated in Figure 5, the contact members 24 of the first pad 
appear as bolts while the contact members 26 of the second pad appear as 
elongated strips. The contact members 24 and 26 may be formed in various 
structural shapes and of any conductive material suitable for such purpose 
herein which may illustratively include copper, silver or other conductive 

10 metalUc material of relatively low impedance. When the sHding gate 12 is 
closed, the pads 14 and 18 are brought together so that the contact members 24 
and 26 slidably engage during the closing of the gate. It is appreciated that 
because the position of the gate after closure may vary firom time to time, the 
resilient straps 20 are deformable to accommodate contact through a range of 

15 closure positions. It is further appreciated that various pad mounting and 
contact members arrangements may be resorted to by those skilled in the art 
without departing firom the scope of the invention. 

Referring again to Figure 1, the first pad 14 includes a deicmg circuit 
28 having at least one power resistor 30 mounted to a backside of the first pad 

20 14. The power resistor 30 is comiected to the contact members 24 of the first 
pad 14. Electrical power is supplied to the deicing circuit 28 &om a power 
source 32 via an electrical conductor. 

Referring now to Figure 2, the at least one power resistor 30 is 
associated with a heat sink 33 (not shown) and is connected to a deicing switch 

25 36. The deicing switch 36 is operative to enable the deicing circuitry for the 
pxupose of melting ice or snow that becomes disposed on tibe contact pads 
during inclement weather. Preferably, the deicing switch is operative to 
energize the deicing circuitry 28 automatically at or below a predetermined 
temperaUire threshold. Accordingly, the deicing switch 36 may be provided in 

30 the form of a temperature-sensing device such as thermostat or thermistor. If 
used, the thermostat may be of any type such as a bimetal thermostat that acts 
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to switch power to the power resistor 30 and heat sink when the temperature is 
at or below a predetermined threshold such as 34*=* Fahrenheit. 

Referring now to Figure 3, the heat sink 33 generates heat when a 
supply voltage such as 24 volts is applied to the power resistor 30. In fliis 

5 manner, heat is dissipated through the contact members 24 which in tum will 
dissipate heat through to the contact members 26 of the second pad 18 when 
the pads 14 and 18 are engaged. 

Electrical power is supplied to the first pad 14 from a power source 32. 
The power source 32 supplies a charging voltage to the contact members 24 

1 0 that is higher than the voltage of the deicing circuit 28. 

In order to prevent persons from inadvertent shock or injury from 
contact with the first pad 14, a charge-enabling svdtch 38 is disposed at the first 
pad 14. The charge-enabling switch 38 is operative to cause a charge current to 
flow from the power source to the rechargeable battery through the first and 

15 second pads when the first and second pads are in electrical communication. 
The charge-enabling switch may be provided in the form of a magnetic 
proximity switch, a momentary contact switch, an infrared detection switch, or 
the like. If a magnetic proximity switch is used, then the second pad 18 will be 
disposed with a magnet 40 as a means of activating the magnetic proximity 

20 switch to cause the flow of charge current from the power source to the 
rechargeable battery. 

Thus, wh&a the gate is open and the contact members separate, the 
charge enabling switch 38 will become disabled and the flow of current will be 
inhibited. However, when the gate is subsequently closed and the contacts are 

25 brought into engagement, the charge-enabling switch is tripped to close the 
circuit and energize the contact members with the charging current. In this 
fashion, there is provided a safe, reliable charging system that is not 
compromised by the effects of snow and ice. It is appreciated that the above 
described circuitry associated with the power side of the recharging systerii 10 

30 may be associated with the load side without exceeding the scope of the 
invention. 
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Referring now to Figure 6, a remote control module 15 is illustrated 
having a housing 48 that includes a front panel 49. The housing 48 may also 
include a front panel cover 50 for protecting the front panel 49 from 
environmental exposure or vandalism. The front panel 49 of the remote control 

5 module 15 includes at least one malfunction indicator 52. The remote control 
module 48 includes electronic circuitry for generating and delivering control 
signals to some peripheral devices associated with the sliding gate 12 system. 

Part of the electronic circmtry contained therein includes a diagnostic 
circuit that is in communication with the malfunction indicator 52. The 

10 malfunction indicator 52 may illustratively be provided in the form of a seven 
segment display LED or a Uquid crystal diode device or the like for providing 
diagnostic numbers which correspond to various conditions of the system 
associated with the remote control module 48. When there is a system 
malfunction, a service person will remove the front panel cover 50 of the 

15 remote control module 48 to view the malfunction indicator 52 to determine 
the status of the equipment. 

The malfunction indicator 52 may require a relatively large amount of 
electrical power that may compromise the utiUty of the remote control module 
which depends on a rechargeable battery for its power. To address this 

20 concern, the recharging system 10 preferably includes a malfunction indicator 
enabling switch 54 wliich is operative to power down the malfunction indicator 
display when the front panel cover plate is disposed over the front panel 49 of 
tiie remote control module 48. When the front panel cover 50 is removed from 
the remote control module 48, the malfunction indicator enabling switch 54 

25 closes the circuit to power the malfunction indicator 52. Replacing the front 
panel cover 50 opens the malfimction indicator enabling switch 54 to disable 
the malfimction indicator as a means of conserving the power of the 
rechargeable battery. 

Referring now to Figures 7 and 8, there is illustrated a type of charge 

30 enabling switch 38 which may be used with a remote control module 15 
mounted on a conventional garage door 60 that is guided along a track 62 by 
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wheels 80 mounted to extend beyond the edges of the door 60. It has been 
found that incorporating a magnetic switch in a wheel assembly provides an 
excellent mounting place for the switch and allows for the mounting of the 
magnet 70 on the exterior of the guide track 62 to trip the switch when flie 
5 switch passes through the field of the magnet 70. In this manner, the 
recharging system 10 may be enabled when the garage door is moved to the 
closed position. 

Each wheel assembly includes a wheel 64 mounted on one end of a 
spindle 66. The center of the spindle 66 at the wheel end is bored and a charge 

10 enabling switch sensor 68 is mounted axially therein. The switch sensor 68 is 
mounted at the wheel end of the bore in the spindle 66 with a conventional 
fastening means or adhesive suitable for such purpose. The wheel assembly is 
then inserted into the door 60 and the magnets 70 are placed on the track 62 
corresponding to the position where it is desired to send a signal indicating the 

15 passage of fee wheel 64 and door 60. The switch sensor 68 is placed in 
electrical conmiimication with the remote control module 15 via electrical 
conductors to facilitate a charging of the rechargeable batteries disposed in the 
remote control module 15 as according to the invention. 

From the foregoing it can be seen that the present invention provides a 

20 charging system for a remote control module wherein the charging system 
includes deicing and charge enabling circuitry. Although the invention has 
been described with respect to certain illustrations and embodiments thereof, 
many modifications thereto may become apparent to one skilled in the art 
without deviation firom the spirit of the invention as defined by the scope of the 

25 appended claims. 

We claim: 
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CLAIMS 

1 1. A charging system comprising: 

2 complementary electrical contact pads wherein, a first pad is in 

3 electrical commmiication with a power source and a second pad is in electrical 

4 communication with a rechargeable battery; 

5 a deicing circuitry disposed on the first pad; 

6 a deicing switch in electrical communication with the deicing circuitry 

7 and the power source, said deicing switch operative to energize the deicing 

8 circuitry at or below a predetermined temperature threshold; and 

9 a charge enabUng switch disposed at the first pad operative to permit a 

10 charge current to flow firom the power source to the rechargeable battery via 

11 the first and second pads when the first and second pads are in electrical 

12 commimication. 

1 2. The charging system of claim 1 wherein the deicing circuitry 

2 comprises a power resistor with heat sink. 

1 3. The charging system of claim 1 wherein the deicing circuitry 

2 comprises a coil with heat sink. 

1 4. The charging system of claun 1 wherein the deicing switch is a 

2 thermostat. 

1 5. The charging system of claim 1 wherein the deicing switch is a 

2 thermistor. 

1 6. The charging system of claim 1 wherem the predetermined 

2 temperature threshold is 0° Celsius. 



1 7. The charging system of claim 1 wherein the charge enabling 

2 switch is a magnetic proximity switch. 
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1 8« The charging system of claim 1 wherem the second pad includes 

2 a magnet operative to energize the magnetic proximity switch when the 

3 complementary electrical contact pads are in electrical communication. 

1 9. A charging system for recharging a remote control module 

2 comprising: 

3 complementary electrical contact pads wherein a first pad is in 

4 electrical communication with a power source and a second pad is in electrical 

5 commxmication with a rechargeable battery disposed in the remote control 

6 module; 

7 a deicing circuitry disposed on the first pad; 

8 a deicing switch in electrical communication with the deicing circuitry 

9 and the power source, said deicing switch operative to energize the deicing 

1 0 circuitry at or below a predetermined temperature threshold; and 

1 1 a charge enabling switch disposed at the first pad operative to permit a 

12 charge currOTt to flow firom the power source to the rechargeable battery via 

13 the first and second pads when the first and second pads are in electrical 

14 communication. 

1 10. A charging system for recharging a remote control module 

2 wharein the remote control module includes a malfunction indicator circuit and 

3 is disposed on a movable object, said charging system comprising: 

4 complementary electrical contact pads wherein a second pad is in 

5 electrical communication with a rechargeable battery disposed in the remote 

6 control module, and wherein a first pad is disposed on a stationary object and 

7 the first pad is in electrical communication with a power source; 

8 a deicing circuitry disposed on the first pad; 

9 a deicing switch in electrical commimication with the deicing circuitry 

10 and the power source, said deicing switch operative to energize the deicing 

1 1 circuitry at or below a predetermined temperature threshold; 

i 
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12 a charge enabling switch disposed at the first pad operative to permit a 

13 charge current to flow from the power source to the rechargeable battery via 

14 the first and second pads when the first and second pads are in electrical 

15 communication; and 

16 an indicator enabling switch disposed on the remote control module 

17 wherein said indicator enabling switch is in electrical communication with the 

18 rechargeable battery and at least one malfunction indicator. 

1 11. The charging system of claim 10 further comprising a cover 

2 plate disposed over the indicator enabling switch such that removing said cover 

3 plate energizes the at least one malfunction indicator. 

1 12. The charging system of claim 10 wherein the indicator enabling 

2 switch is a SPST switch. 

1 13. The charging system of claim 10 wherein the movable object is 

2 a rail mounted sliding gate. 

1 14. The charging system of claim 13 wherein the charge enabling 

2 switch is disposed on the rail such that charge current is permitted to flow 

3 when the sliding gate is in the closed position. 

1 15. The charging system of claim 14 wherein the charge enabling 

2 switch is a magnetic proximity switch. 

1 16. The charging system of claim 15 wherein flie sliding gate is 

2 disposed with a magnet operative to energize the magnetic proximity switch. 

1 17. The charging system of claim 1 further comprising a voltage 

2 sensing circuit. 
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1 18. The charging system of claim 17 wherein the voltage sensing 

2 circuit is operative to sense tiie voltage level of the rechargeable battery and 

3 disables the charge, enabling switch when a predetermined voltage level is 

4 reached. 

1 19. A remote control module having a housing with a rechargeable 

2 battery disposed therein, said remote control module comprising: 

3 at least one malfunction indicator disposed on the housing; 

4 a cover plate detachably fixed to the housing such that the cover plate is 

5 disposed over the at least one malfunction indicator; and 

6 an indicator enabling switch disposed on the housing wherein said 

7 indicator enabling switch is in electrical communication with the rechargeable 

8 battery and the at least one malfunction indicator such that removing said cover 

9 plate energizes the at least one malfunction indicator. 

1 20. The remote control module of claim 19 wherein said housing is 

2 disposed on a movable object. 

1 21 . A charge enabling switch for use with a recharging system, said 

2 recharging system being operative to recharge a battery disposed wifliin a 

3 remote control module wherein said remote control module is disposed on a 

4 garage door that includes a guide wheel assembly that move along a guide 

5 track, said switch comprising: 

6 a magnetic sensor switch disposed within a spindle the guide wheel 

7 assembly in communication with the recharging systrai and the remote control 

8 module; and 

9 a magnet disposed on the guide track operative to enable the magnetic 

10 sensor switch when the garage door is moved to close whereby the recharging 

1 1 system is enabled to charge the battery. 
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completed piocessing of another image frame and the data is ready for processing by the 
feature processing module (FIGURE 1 6). Moreover, if desired, Ihe write diagnostics step 
262, which is performed by CPU 125 (FIGURE 15), can store within memory one or 
more messages regarding how the processing of the previous frame data progressed. The 
5 video processing loop 250 then preferably continues back to the get next frame step 252. 

Turning to FIGURE 23, a simplified block digram is provided of an 
embodiment of an initialization procedure for the ping-pong system of FIGURE 22. In 
an embodiment, the ping-pong initialization procedure 264 includes an initialize ping- 
pong addresses module 265, a capture video buffer module 266, a cs^ture frame module 

10 267^ an initiate video references module 268, a process video module 269, a process 
frame module 270, and a retrieve FPGA data module 271. 

FIGURE 24 provides a simplified block diagram of the ping-pong process 
loop 272 for the ping-pong system of FIGURE 22. The top of the loop 272 shows the 
CPU activity while the bottom shows the FPGA activity (not in time scale), with the 

IS associated serial I/O and CSR messaging. 

FIGURES 25 and 26 illustrate the details of the pmg/pong activity 
(initialization & video loop) in an alternative embodiment having an automatic contrast 
circuit (ACC). The ACC can be used to improve system detection performance due to 
slowly changing lighting conditions. The ACC does this by changing the video gain in 

20 response to image characteristic criteria and time dynamic criteria. The ACC maximizes 
gain while preventing too much image white saturation. After a gain change, the video 
system is reinitialized. 

The ACC, when enabled by user input, fimctions during initialization to find 
the best starting gain by iterating and testing the image result. When a gain is found 

25 which satisfies established criteria, iterating stops, and the process continues to the video 
loop with the selected gain. The ACC also fimctions at the beginning of the video loop, 
but does not iterate to fine a satis&ctory gain. Only a single gain change is performed 
in the loop per fi:ame. The gain change and consequent video system initialization take 
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a much shorter time than a frame time (1 00 ms). The decision to require a gain change 
in the video loop is controlled by criteria calculated in the detection and control portion 
of the CPU activity. The criteria can include aging, zone activity, and long and short 
time-constant filters. 

5 FIGURE 27 provides a simplified block diagram of the zone initialization 

sequence 240 for the system initialization of FIGURE 17. The zone initialization 
sequence 240 results in the building of zones in real world coordinates, generating 
control zone submasks and constructing control zone masks. FIGURE 28 provides a 
simplified block diagram of the threshold tables initialization sequence 238 for the 
10 system initialization of FIGURE 17. The threshold tables kdtialization sequence 238 
result in the imtialization of camera intrinsic parameters, the resolution model, and the 
object model. 

Turning to FIGURE 29 (and referencing FIGURES 48 and 49), a simplified 
block diagram is provided of the image processmg module for the processing system of 

15 FIGURE 16 which includes an edge detector 301. The edge detector 301 preferably 
includes a modified Sobel operator module 302, a positive difference module 304, a 
threshold module 306, an erode module 308, and a label I module 310. 

In an embodiment, the modified Sobel operator module 302 receives current 
(B) image input 312 and generates the edge image (GEB) 314 fi:om the current input 

20 unage. A reference image (GER) 316, mitialized m the CPU, is subtracted from the 
current edge image in the positive difference operator module 3 04, where negative values 
are set to zero. The grey-level edge image is thresholded 306, eroded 308, and labeled 
310. The output of the label I operator 3 1 0 is a 1 6-bit labeled image 3 1 8, an equivalence 
table 320, and counts of the number of labels used 322 and the number of entries in the 

25 equivalence table. Counts of the number of set pixels in the binary input 324 and output 
326 of the erode operator 308 are also output to the CPU, completing the edge image 
processing. 
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Label I operator 3 10 is used in each thread of the image processing. Label I 
3 10 is the first part of a two step process used to produce the labeling of the coimected 
components of the binary input Label 1310 passes a 2x2 kernel over the binary input 
image beginning with the upper left of the image. The elements of the kernel are 
5 identified as follows: 
B C 
A X 

If the binary pixel in X is zero, the output is zero. If X is set, the labels B, A, C are 
scanned in that order. If all of B, A, C are non-zero, the next value of a label counter is 
10 output at X and the counter is incremented. If any B, A, C are non-zero, the label 
operator is the value of the first non-zero label. If more than one of B, A, C is non-zero, 
the first non-zero value is output. If any of the remaining non-zero labels is different 
from the ou^ut value, &e output value and the different value are written to an 
equivalence table. 

15 Turning to FIGURE 30 (and referencing FIGURES 48 and 49), a shnplifiied 

block diagram of the im^e processing module for the processing system of FIGURE 1 6, 
having a motion detector that uses regions 340. The system 340 preferably includes 
positive difference modules 342 and 344, threshold modules 346 and 348, and dilate 
modules 350 and 352 for both the current (B) input image (n) and previous (A) image (n- 

20 1) respectively. The output is passed to the inclusive ORmodule354, erode module 356, 
and Label I module 358. 

The positive difference of the current grey-level input image (B) 360 and the 
previous image (A) 362 is thresholded 346 and 348 and dilated 350 and 352, as well as 
the positive difference of A and B 342 and 344. The results are inclusively ORed 354. 

25 The resulting binary unage is labeled as in the edge case (FIGURE 29), and the results 
are passed to the CPU. 

The grey-level edge image is tturesholded, eroded 356, and labeled 358. The 
output of the label I operator 358 is a 1 6-bit labeled image 364, an equivalence table 366, 
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and counts of the number of labels used 368 and the number of entries in the equivalence 
table. Counts of the number of set pixels in the binary input 370 and output 372 of the 
erode operator 356 are also output to the CPU, completing the motion detector image 
processing using regions. 
5 Label I operator 358 is used in each thread of the image processing. Label 

1 358 is the first part of a two step process used to produce the labeling of the 
connected components of the binary input. Label 1358 passes a 2x2 kernel over the 
binary input image beginning with the upper left of the image. The elements of the 
kernel are identified as follows: 
10 B C 
A X 

If the binary pixel in X is zero, the output is zero. If X is set, the labels B, A, C are 
scanned in that order. If all of B, A, C are non-zero, the next value of a label counter is 
output at X and the counter is incremented. If any B, A, C are non-zero, the label 
15 operator is the value of the first non-zero label. If more flian one of B, A, C is non-zero, 
the first non-zero value is output If any of the remaining non-zero labels is different 
firom the output value, the output value and the different value are written to an 
equivalence table. 

Turning to FIGURE 31 (and referencing FIGURE 48 and 49), a simplified 
20 block diagram of the image processing module for the processing system of FIGURE 1 6, 
having region analysis for shadow and Ughtbeam processing. The system 380 prefembly 
includes positive difference modules 382 and 384, threshold modules 386 and 388, and 
dilate modules 390 and 392 for both the current (B) input image 394 and reference (R) 
input 396, respectively. The output is passed to the inclusive OR module 396, erode 
25 module 400, and Label I module 402. The output of the label I operator 402 is a 16-bit 
labeled image 404, an equivalence table 406, and counts of the number of labels used 408 
and tiie number of entries in the equivalence table. Counts of the number of set pixels 
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in the binaiy input 410 and output 412 of the erode operator 402 are also output to the 
CPU, completing the motion detector image processing using regions. 

. The system image processing region analysis detection operation is analogous 
to the motion detection operation of FIGURE 30 except that instead of using the 
5 immediately previous image input A, it uses a previous image called the reference image 
396 which is updated on CPU command as a copy of the current input image. The region 
analysis thread also produces a difference image 414 and a 16-level histogram 416 for 
CPU use. 

Tummg to FIGUGRE 32 (and referencing FIGURES 48 and 49), a simplified 

10 block diagram ofthe image processing module for tibie processing system of FIGURE 16, 
having a motion detector that uses edges 420. The system 420 illustrates a selectable 
alternative motion detection image processing operation sunilar to the edge detection 
operation of FIGURE 29, except that it takes the cuiient edge image (GEB) 422 and &e 
previous edge image (GEA) 424 as input to the positive difference module 426. The 

15 positive difference of GEB 422 minus GEA 424 is thresholded 428, eroded 430 and 
labeled 432 as in FIGURES 19, 20, and 21. 

The output of the label I operator 432 is a 16-bit labeled image 434, an 
equivalence table 436, and counts of the number of labels used 438 and the number of 
entries in the equivalence table. Counts of the number of set pixels in the binary input 

20 440 and output 442 of the erode operator 430 are also output to the CPU, completing the 
system image processmg having a motion detector that uses edges. 

Turning to FIGURE 33, a simplified block diagram of the feature processing 
module 450 for the processing system of FIGURE 16, for calculating presence, motion, 
frame and region features. The system data processing, calculating all features, is 

25 performed in the FPGA to unburden the CPU and achieve the desired processing rate. 

The presence (P) or edge feature module 452 and the shadow and lightbeam 
(SL) or region featuremodule 458 calculations are quite similar to the point of generating 
the edge/region score discounts. Moreover, witiiin tiie P feature 452 and SL feature 458 
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calculations, the global calculations are veiy similar to the zone calculations. The zone 
calculations restrict the spatial range of feature calculations for each zone using the 
associated zone mask. The results of the P and SL feature calculations are stored in a 
database (feature tables) for use in detection determination 460. 
5 Frame features 456 are calculated dififerentiy than P and SL features. Frame 

features 456 are not features of objects, but of the input grey level image and the current 
edge image. Frame statistics are computed in order to draw inferences about conditions 
of the camera and video system integrity. Frame statistics are also used to condition 
some detection variables that act as adaptive thresholds. Three fault flags can be set by 

10 the calculate fi:ame features module 456: illumination fault flag, obscure &ult flag, and 
ajar &ult 462. Each of these faults 462 is determined tiux>ugh associated metrics. The 
illumination fault is controlled by evaluating the modified Kuiper statistic, the uniform 
centered mean, and the variance of tiie grey level input. The obscure and ajar faults use 
the current and archive edges to detect whettier the camera and/or video system have 

15 become obscured or knocked ajar. 

The system 450 will not update tiie reference if any motion is detected in any 
zone. To determine if there is motion in each zone, the labeled edge image counts the 
number of non-zero pixels in the labeled zone, calculated in the presence P feature 
module 452. The non-zero pixels become motion pixels, calculated in the motion M 

20 feature module 454. The system 450 counts the non-zero pixels in the motion labeled 
image to verify if the zone motion pixels in each zone is greater than zero (0). The 
system 450 counts the non-zero pixels in the zone detection mask for accumulation in 
the coimt. 

Turning to FIGURE 34, a simplified block diagram of the feature generation 
25 system 470 of FIGURE 33, having a label module 472, a calculate global presence 
features module 474 and a calculate zone presence features module 476. 

The label module 472 receives presence input in the form of labeled edge 
image 478, equivalence tables 480, and label and conflict counts 482. The label module 
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472 resolves pixel labeling conflicts wifliin the region, it replaces labels with region 
numbers, it makes an area call, renumbering regions with sequential indices, and re- 
indexes the region again, passing data related to the number of regions and regions image 
to the calculate global presence features model 474. 

5 The calculate global presence features model 474 uses the regions image 484, 

the number of regions 486 and current edges (GEB) 488 to create a global feature table. 
The global feature table is first initiaUzed, regions are labeled as to area, mean grey level 
intensity, histogram, and centroid. The region is then recalculated for variance of grey 
level and centroid, listing the features (global, safety,. . .) of the pixels within the region. 

10 The calculate P feature zones module 476 takes the aforementioned regions 

image 484, number of regions 486, the current edges (GEB) 488 and creates a zone 
feature table using zone mask and rectangle 490. The system 470 deteimines motion in 
zones by calculating detection in a safety zone, a secondary safety zone, a door zone, a 
first activation zone, a second activation zone, a first guard zone, and a second guard 

15 zone. 

Turning to FIGURE 3 S, a simplified block diagram of the calculate presence 
(edge) feature system of FIGURE 34, for calculating global presence features module 
500. 

The global P features are calculated first by initializing the edge counts of the 
20 feature table 502. The global extent of the image is calculated in the image first pass 
module 504. Area, centroid, mean, histogram and edge counts are accumulated and put 
through the image second pass module 506 where a second central moments and variance 
is accumulated. The feature table pass module 508 calculates the derived features 
including the spread, elongation, orientation, and ellipse shape of the region. The 
25 calculate region scores module 510 determines door rejection, edge shape suppression, 
and edge grey level suppression. A score comes from the grey level variance of the 
region and a discount is applied to the score. After region scores are calculated S 1 0, the 
next region is looped through the calculations of the feature table pass module 508. 
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Turning to FIGURE 36, a simplified block diagram of the calculate presence 
feature system of FIGURE 34, for calculating zone presence features. 

The zone presence P features are calculated first by initializing the zone 
counts of the feature table 522, The global extent of the zone is calculated in the zone 
5 first pass module 524. The zone is calculated to determine if pixels are in the selected 
zone mask. Area, centroid, mean, and histogram are also accumulated and put through 
the image second pass module 526 where a second central moments and variance is 
accumulated. The feature table pass module 528 calculates the derived features including 
the spread, elongation, orientation, and ellipse sh^e of the region. The calculate region 
10 scores modide 530 determines door rejection, area proportion suppression, edge shape 
suppression, and edge grey level siq)piessioa After region scores are calculated 530, the 
next region is looped through the calculations of the feature table pass module 528. 

Turning to FIGURE 37, a simplified block diagram of the feature generation 
system 540 of FIGURE 33, having a label module, a calculate global shadow and 
15 lightbeam (SL) features module, and a calculate shadow and lightbeam zone features 
module. 

The label module 542 receives presence input in the form of labeled edge 
image 544, equivalence tables 546, and label and conflict counts 548. The label module 
542 resolves pixel labeling conflicts within the region, it replaces labels with region 

20 numbers, it makes an area call, renumbering regions with sequential indices, and re- 
indexes the region again, passing data related to the number of regions and regions image 
to the calculate global presence features model 550. 

The calculate global presence features model 550 uses the regions image 552, 
the number of regions 554 and the current difference image to create a global feature 

25 table. The global feature table is first initialized, regions are labeled as to area, mean 
grey level intensity, histogram, and centroid. The region image is then recalculated for 
variance of grey level and centroid second movements, listing the shape features of the 
unage within the region. 
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The calculate SL feature zones module S S 8 takes the aforementioned regions 
image 552, number of regions 554, the current edges (GEB) 560 and creates a zone 
feature table using zone mask and rectangle 562. The system 540 determines motion in 
zones by calculating detection in a safety zone, a secondary safety zone, a door zone, a 
5 first activation zone, a second activation zone, a first guard zone, and a second guard 
zone. 

Turning to FIGURE 38, a simplified block diagram of the calculate shadow 
and lightbeam region features 570 system of FIGURE 37, for calculating global shadow 
and lightbeam (SL) features. 

10 The global SL features are calculated first by initializing the edge counts of 

the feature table 572. The global extent of the image is calculated in &e image first pass 
module 574. Area, centroid, mean, histogram and edge counts are accumulated and put 
through the image second pass module 576 where a second central moments and variance 
is accumulated. The feature table pass module 578 calculates the derived features 

1 5 including the spread, elongation, orientation, ellipse shape factor of the region, modified 
kniper statistic and mapped mean and variance. The calculate region scores module 580 
determines the SL score with region siqppression firom shadow and light beam discount, 
shape discount, and area discount and with transient suppression. After region scores are 
calculated 580, the next region is looped through the calculations of the feature table pass 

20 module 578. 

Turning to FIGURE 39, a simplified block diagram of the calculate shadow 
and lightbeam region features 590 system of FIGURE 37, for calculating shadow and 
lightbeam (SL) zone features. 

The zone SL features are calculated first by initializing the zone counts of the 

25 feature table 592. The global extent of the zone is calculated in the zone first pass 
module 594. The zone is calculated to detemune if pixels or zone rectangle are in the 
selected zone mask. Area, centroid, mean, and histogram are also accumulated and put 
through the image second pass module 596 where a second c^tral moments and variance 
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is accumulated. The feature table pass module S98 calculates the derived features 

including the spread, elongation, orientation, ellipse shape factor, modified kniper 

statistic, and mapped means and variance of the region. The calculate region scores 

module 600 determines the SL score with region suppression fi-om shadow and light 
5 beam discount, shape discount, and area discoxmt and with transient suppression. After 

region scores are calculated 600, the next region is looped through the calculations of the 

feature table pass module 598. . 

FIGURE 40 provides a simplified block diagram of a split histogram grey 

level analysis 700 for the processing system of FIGURE 1 6, and in particular the feature 
10 processing module 214. In an embodiment, the split histogram grey level analysis 700 

can be provided to assists in the determination of region features. 

FIGURE 41 provides a simplified block diagram of &e feature generation 

system 750 of FIGURE 33, for calculating fixime features. The system 750 include a 

fiame analysis initialization module 752, a compute fiame statistics module 754, an 
15 interpret fiame illumination metrics module 756, an interpret obscure metrics module 

758, an interpret ajar metrics module 760, and an update FA filter 762. 

FIGURE 42 is a simplified block diagram of the information processing 

module of FIGURE 16, for detecting the presence of an object fi'om features generated. 

The detection sequence includes an evaluate fault flags module 800, an evaluate 
20 reference updates module 802, an automatic adaptive thresholds module 804, an update 

fiame analysis data module 806, and ah update motion reference module 808. 

FIGURE 43 is a simplified block diagram of the information processing 

module of FIGURE 16, for evaluating and updating reference images. The evaluate 

reference updates sequence includes a zones motion detection module 822, an update 
25 update counters module 824, a decide standard update module 826, a decide archive 

update module 828, a decide gain change module 830, and a decide leam-outs module 

832. 

FIGURE 44 is a simplified block diagram of the information processmg 
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module of FIGURE 16, for changing threshold values relative to changing background 
values from the field of view. The automatic adaptive thresholds sequence includes an 
initialize SL thresholds edge threshold 840, a calculate zone statistics module 842, a 
calculate zone metrics module 844, and an apply metrics module 846. 

5 FIGURE 45 is a simplified block diagram of the information processing 

module of FIGURE 16, for determining the geometric association of edge and zone data 
in a detected object The sequence includes an initialize module 850, an application for 
each qualified edge region 852, an appUcation regarding initialization for a particular 
region 854, and a traverse region bounding rectangle module 856. The sequence then 

10 continues to FIGURE 46, 

FIGURE 46 is a continuation of FIGURE 45 of the shnplified block diagram 
of the information processing module of FIGURE 16, and includes testing region edges 
to determine zone intersections in detected objects. The sequence includes a test edge 
region/zone intersection modules 862,864 and a test region/motion/zone intersection 

15 module 866. 

FIGURE 47 is a continuation of FIGURE 46 of the simplified block diagram 
of the information processing module of FIGURE 16, and includes evaluating region 
scores of zones to detemune zone intersections in detected objects. The sequence 
includes evaluate region scores modxdes 872,874, set derived flags update 

20 counter/histories module 876, and an update top detection scores & safety zone latch 
module 878. 

In an embodiment, an automatic door control and safety system is provided 
that controls door behavior in accordance with logic that interprets a nominally optically 
sensed object situation and environment proximate to the door. The system uses a 
25 camera sensor sub-system fitted with an appropriate lens in order to generate an image 
of the desired sensing area. Digital images produced by the camera sub-system are 
processed using image processing in a processing sub-system in order to develop data 
used to drive specific decision logic to effect desired door control. Thus, door control 
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is effected by computer interpretation of image content 

In an embodiment, from a processing point of view, the system incorporates 
several processing stages: 1) image formation; 2) image conditioning; 3) image 
processing; 4) image content processing; 5) derived data processing; 6) data 
5 interpretation processing; and 7) control logic processing. 

The door control and safety system is supported by hardware elements to 
include the camera sub-system, and a general purpose processor sub-system that can be 
augmented by a digital signal processing device. The camera sub-system can include a 
lens system, a charge-coupled device imaging device, amplifiers, and an analog-to-digital 

10 conversion element. These element can be commonly found together in hoine computer 
applications, for example, ^ch interface a digital camera to produce digital images on 
the computer screen for capture and storage for a variety of purposes. 

The system uses a selection of image processing operators, implemented in 
an algorithm, and subsequent derived data processing and interpretation. The selected 

IS image processing operators and image content processing are derived through the optical 
phenomena exhibited by objects within the field of view of the camera. The mtiage 
processing operates on the numbers contained in the array representative of scene 
determined though the lens and camera mounting geometry. This image processing 
creates intemal arrays of numbers which are the results of the image processing, to be 

20 used by subsequent operations thus forming a sequence of image processing operations. 
In an embodiment of the systQixiy the entire image field is processed. Furthermore, there 
are no prior assumptions about target objects used to develop any processing elements 
designed to match anticipated object characteristics for the purpose of selecting subsets 
of the entire image field. 

25 At the beginning of the image processing sequence, the image processing 

accepts a new input image of the scene (which is a single time sample ^firame") of the 
on-going image digitization stream). Storage is provided in order to maintain a previous 
unage frame for comparison to a newly captured image firame (a ''background" image). 
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This stored image frame is captured in the same my as anewfiame, and, in particular, 
is a single image frame, not an average of more than one frame. 

In an embodiment, each new image frame is filtered to remove speckle noise 
using a median filter. The median filter removes isolated noise while not blurring the 
5 image as does averaging. Such isolation noise may be due to imaging sensor noise, 
downstream electronics noise or environmentally-produced scintillation. The image 
stored for comparison is filtered one with the median filter, as is the current image. The 
median filter in can be implemented as a 3 x 3 filter kemel that is passed over every pixel 
in die image array. The value at the center of the kemel is deposited in a new image 

10 array, and the value is that which is the median of the nine numbers in die filter kemel. 

After image filtering, two new image arrays are generated (i.e., FIGURES 52 
and 53). The first new image array (FIGURE 52) is determined as the pixel-by-pbcel 
difference of the current image minus the background image expositive contrast"). The 
second new image array (FIGURE S3) is determined as the pixel-by-pixel diSerence fo 

15 the background image minus the current image ^negative contrast"). The images are 
maintained as arrays of 8-bit numbers, so that vdien difference values are greater than 
255 or less than 0, values are clipped accordingly. 

After differencing, the images still contain 8-bit values. (Images with 
multiple bit levels are commonly referred to as grey-scale images). After image 

20 differencing, a thresholding operator is applied to each of the resulting positive and 
negative contrast grey-scale images. The threshold values applied to the two images may 
be different. The values can be fixed or adaptive wherein changes are made based on 
downstream im^e interpretation results. The pixel-by-pixel thresholding operation 
produces two new images. For each image, when the grey level in the input image 

25 exceeds the associated threshold value, a ^'1" is placed in tiie output image array, 
otherwise a "0" is placed. The result of the thresholding operation is thus two "binary" 
images. 

Turning to FIGURES 54 and 5 5, selected binary image processing techniques 
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of mathematical morphology are applied to the binary images to facihtate downstream 
image interpretation. In an embodiment, operators are selected to remove isolated binary 
regions that could not be from significant objects, while improving the "connectedness" 
of larger regions that may be significant. Referred to as shape filtering, each of the two 
5 binary images are filtered similarly to the median filter mechanism (a 3x3 spatial kernel), 
except that the filter kernel operation is a maximum operator followed by a minimum 
operation, not the median operation. Such a filter is referred to as a binary closing or 
"close." A "close" is a "dilation" followed by an "erosion." The "dilation" is the 
maximimi operation on the kernel, and the "erosion" is the minimum operation. 

10 TurningtoFIGURE56,thetwoclosedbuiaiy images(FIGURES 54and55) 

are logically OR-ed pixel-by-pixel to produce a resultant binary image representative of 
both positive and negative contrast differences with respect to the input images. 

Turning to FIGURE 57, a connected components algorithm is applied to the 
resultant binary OR image (FIGURE 56), This algorithm identifies all the coimected 

1 5 binary regions in the image. A coimected region is one wherein every member pixel is 
a neighbor of at least one other member pixel. The connected components algorithm 
labels each region and builds a database containing derived features of each region. In 
an embodiment, the features can include region area, bounding rectangle, chcularity, 
ellipse major and minor axis lengths, and perimeter. The region feature data is processed 

20 to select regions of interest. The regions are a direct result of the presence of the object 
in the field of view. No operator selection of sub-image regions of the total image field 
is involved in selecting the object-related regions - the regions are determined by the 
object. 

With a database representative of image content, the features of each region 
25 are considered by interpretation logic to develop control logic decisions. In an 
embodiment, the interpretation logic is implemented as a set orHf-then-else" constructs, 
and can utilize arithmetic combination of the basic region features in order to determme 
image content interpretation. For instance, the resulting region area can be used to infer 
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the presence of an object of interest, and the region centroid and bounding rectangle 
determine the location of that object. (The bounding rectangle is the smallest rectangle 
that includes all pixels belonging to the region.) 

In an embodiment, the operator can define rectangular regions of the image 

5 field of view to determine areas for specific control actions. The boimding rectangle 
coordinates of the computer-derived object regions of interest are compared to the 
coordinates of the operator-determined decisionregions inorder to determine subsequent 
control logic results. If an object is declared to be in the safety zone, for example, the 
control logic indicates that the door should remain open until the safety zone is clear. 

10 Similarly, if an object is determined to be in the activation zone (the binary region 
bounding rectangle representative of the image object intersects the activation zone 
decision rectangle), then the signal is sent to open &e door. In an embodiment, the image 
regions selected by 4ie operator for control logic purposes are not used m any way to 
initialize or otherwise influence the image processing of the entire image in order to 

1 s determine image content 

While the specific embodimrats have been illustrated and described, 
numerous modifications come to mind without significantly departing firom the spirit of 
the invention, and the scope of protection is only limited by the scope of the 
accompanying Claims. 
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CLAIMS 

1 . A detector comprising : 

a sensor for collecting electromagnetic energy from a field of view for the 
sensor, the sensor generating a signal indicative of objects in the field of view; 
5 an image analyzer electronically coupled to the sensor for receiving the sensor 

signal and forming an image of pixels therefrom; 

an edge detector adapted to detect an edge of an object depicted within the 
pixel image, and determining the position of the edge within the pixel image; 

a data storage device for storing edge location data of a first image; and 
10 a comparator for comparing edge detection data from a second image to edge 

detection data from the first unage in ord^ to determine if the object associated with the 
edge has moved since the acquisition of the first image. 

2. A shadow and light beam detection process comprising the steps of: 
capturing a grey scale unage; 

1 S generating a binary image to define a binary map of the grey sceUt image; and 

comparing the binary map to a copy of the grey scale image to determine grey 
scale values corresponding to selected portions of the binary map. 

3. A process for determining whether a discrete area appearing in image 
information for a field of view represents a shadow or a light beam anomaly comprising: 

20 predetermining a characteristic of the anomaly; 

predetermining a calculation that will quantify the characteristic; 
applying the calculation to the image information and generating a quantity 
of the characteristic; and 

classifying the area based upon the quantity calcvdated. 
25 4. A process for determining an edge comprising: 

predetermining a threshold value to apply to a grey scale image value in a first 
and second channel; 

comparing the image value to the threshold value in each of the first and 
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second channel; 

outputting a first binary value in each of the first and second channel; 

defining a first dilation pixel having the first binary value; 

defining a plurality of dilation pixels adj acent the first dilation pixel, each of 
5 the plurality of dilation pixels having a second binary value; 

comparing the first binary value of the first dilation pixel and the second 
binary value of each of the plurality of dilation pixels; 

outputting a dilated binary value in each of the first and second channel; and 

oring the dilated binary value in the first channel and the dilated binary value 
10 in the second chaimel to generate an ored dilated binary value. 
S . A process for determining an edge comprising: 

storing a first grey scale image in a first buffer; 

reading the first image; 

transferring the first image to a second buffer; 
1 5 repeating the steps of storing, reading and transferring for a second grey scale 



unage; 



image; 



subtracting the first image &om the second image to generate a first positive 



subtracting the second image from the first image to generate a second 
20 positive image; 

comparing the first and second positive image to generate a positive 
difference image; 

predetermining a threshold value to apply to the positive difference image in 
a first and second channel; 
25 comparing the positive di£ference image to the threshold value in each of the 

first and second channel; and 

outputting a first binary value in each of the first and second channel. 
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6. A motioa detection process comprising the steps of: 
capturing a first image; 

determining edges of objects extant in the first image; 
capturing a second image; 
5 determining edges of objects extant in the second image; 

subtracting the first image from the second image to genemte a difiEerence 

image; and 

comparing at least one of the edge determinations to the difference image to 
determine movement of an object in the field of view represented by the at least one 
10 edge. 

7. An image process for determining camera problems comprising the steps of: 
capturing an image; and 

creating a histogram to evaluate the image against pre-selected crit^a. 

8. An image process for detemiining camera problems comprising the steps of: 
15 capturing a first image; 

determining edges of the first image; 
capturing a second image; 
determining edges of the second image; 

subtracting the second image fi:om the first image to genemte a difference 

20 image; and 

thresholding the difference image. 

9. An image process comprising the steps of: 
capturing an image; 

analyzing the image to define objects in the image; 
25 labeling objects in the image; and 

translating the objects to real world coordinates. 

10. A process for determining an edge of an object in a field of view of a camera 
recording pixel data comprising: 
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capturing a reference frame of pixel data; 
capturing an image frame of pixel data; 

subtracting the reference frame from the image frame to generate a first gray 
scale contrast frame; 

5 subtracting the image frame from the reference frame to generate a second 

gray scale contrast firame; 

thresholding the first and second gray scale contrast frame to generate first 
and second contrast threshold firames; 

dilating the first and second contrast threshold firames to generate first and 
10 second dilated fi:ames; 

oring the first and second dilated frames; and 

adjusting tihe first and second dilated frames to generate a first and second 
binary images. 

11. A process for smoothing pixel data defined as an edge of an object determined 
15 to exist in an image comprised of the pixel data, the process comprising the steps of: 

defining a grey scale image &om the pixel data in a first and second channel; 

filtering the grey scale image utilizing a horizontal Sobel kernel to generate 
a horizontal filtered output in tiie first and second chaimel; 

filtering the grey scale image utihzing a vertical Sobel kemel to generate a 
20 vertical filtered output in the first and second chaimel; 

determining the absolute values of the horizontal and vertical filtered output 
in the first and second channel; 

siramiing the absolute values to generate a Sobel value in the first and second 
channel; and 

25 subtracting the Sobel value in the first channel from the Sobel value in the 

second chaimel to generate an output value* 

12. A system for analyzmg an image comprising: 

a sensor configured and adapted to sense one of either active or passive 
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energy or both firom a field of view; 

an imager configured to form an image fi'om the energy sensed by the sensor; 
a processor responsive to the imager, the processor being configured and 
adapted to label image content information fi-om the image; and 
5 a decision malcer responsive to the processor, the decision maker being 

configured and adapted to make determinations about the presence of a/an (stationary) 
object in the field of view firom the image content information. 

13. The system of claim 12 wherein the decision maker having a decision metric, 
the decision metric being based upon the relationship of selected image information 

10 content to a first predetermined area or zone within the image. 

14. The system of claim 13 wh^in the decision maker having a decision metric, 
the decision metric being based upon the relationship of selected image information 
content to a second predetermined area or zone within the image. 

15. The system of claim 13 or 14 wherein the selected image information content 
IS is determined by the decision maker to be indicative of Ihe object 

16. * The system of claim 1 5 v^erein the relationship to the area or zone is limited 
to whether at least a portion of the object is within the first or second predetermined 
zones. 

17. The system of claim 1 3 or 14 wdierein the selected image information content 
20 is determined by the decision maker to be indicative of an edge of the object 

1 8. The system of claim 1 3 or 14 wherein the selected image information content 
is determined by the decision maker to be indicative of a shadow of the object 

1 9. The system of claim 1 3 or 1 4 wherein the selected image information content 
is determined by the decision maker to be indicative of a lightbeam. 

25 20. The system of claim 1 3 or 1 4 wherein the selected image information content 

is determined by the decision maker to be indicative of motion of the object 
21 . The system of claim 12 wherein the processor is configured and adapted to 

determine features of the object selected firom the group consisting of area, perimeter. 
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centroid^ bounding tectangle, magnitude, variance and shape. 

22. The system of claim 21 wherein the shape is selected from the group 
consisting of elongation, spread, ellipse shape factor and orientation. 

23. A method of image analysis by a computing device comprising the steps of: 
5 providing to the device, a pixel image of at least a portion of a field of view 

of a sensor; 

the device determining pixels in the image which likely correspond to at least 
one edge of at least one object within the field of view; and, 

the device labeling at least one group of the pixels identified to define an 
10 individual entity representative of the at least one edge of the at least one object in the 
field of view. 

24. The method of claim 23 including the step of the device mathematically < 
operating on the at least one object or the at least one group of pixels to generate at least 
one feature of the at least one object or the at least one group of pixels. 

IS 25. The method of claim 24 including the step of the device mathematically 
operating on the at least one object or the at least one group of pixels to generate a 
mafhematical or geometric feature of the at least one object or the at least one group of 
pixels. 

26. The method of claim 24 wherein the generatii^ at least one feature step 
20 includes determining one or more features of the at least one object selected from the 

group consisting of area, perimeter, moments of inertia, grey level mean, grey level 
variance, grey level histogram and location. 

27. A method of image analysis by a computing device comprising the steps of: 
providing to the device, a pixel image of at least a portion of a field of view 

25 of a sensor; 

the device quantifymg multiple properties of all pixels in an area of interest; 
the device labeling a first group of the pbcels so as to satisfy a predetermined 
first oiterion representative of an object in the field of view; and. 
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the device independently and simultaneously labeling a second group of the 
pixels so as to satisfy a predetermined second criterion representative of the object in the 
field of view. 

28. The method of claim 27 including the step of the device mathematically 
5 operating on the object or the first and second group of pixels to generate at least one 

feature of the object or the first and second groups of pixels, respectively. 

29. The method of claim 28 including the step of the device nmthematically 
operadi^ on the object or the first and second group of pixels to generate a mathematical 
or geometric feature of the object or the first and second gro\q)s of pixels, respectively. 

10 30. The method of claim 28 wherein the generating at least one feature step 

includes determining one or more features of the object or the first and second groiq)s of 
pixels selected fi:om the group consisting of area, perimet^, moments of inertia, grey 
level mean, grey level variance, grey level histogram and location. 

3 1 . The method of claim 27 wherein the device performs tiie steps of: 

IS mathematically operating on the object or the first and second groups of 

pixels to generate at least two features of the object or the first and second groups of 
pixels, wherein at least one feature is based on edge data and at least one feature is based 
on region analysis; 

comparing tiie features of the object to a predefined set of rules stored in or 
20 accessible to the device; and, 

the device generating a decision with respect to controlling a second device, 
based upon the comparison. 

32. A method of image analysis comprising the steps of: 
generating a time sequence of images in a field of view; 

25 allocating one of the successive images, other than an immediately preceding 

image, in tiie field of view as a reference image; and, 

comparing selected successive images to the reference image of the same field 

of view. 
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33. The method of claim 32 including the step of refieshing the reference image 
from time to time based on a criteria. 

34. The method of claim 3 3 including the step of refreshing the reference image 
based upon evaluation of image content derived from the image comparisons. 

5 35. The method of claim 33 including the step of refreshing the reference frame 

based upon a predetermined passage of time. 

36. The method of claim 32 including the step of updating a portion of the 
reference image using a current image. 

37. The method of claim 36 including the step of performing an update using 
10 predetermined criteria and evaluation of image content. 

38. A method of image analysis comprising the steps of: 
generating a time sequence of images in a field of vievr, 

allocating one of the successive images in the field of view as a reference 
image; and, 

1 5 comparing selected successive images to the reference image of the same field 

of view using a positive difference operator. 

39. A method of image analysis comprising the steps of: 
capturing an image; 

deriving one or more images from the captured image using predetermined 
20 image operators; 

labeling individual groups of pixels independently in one or more of the 
derived images corresponding to objects in the field of view; and 

calculating features by evaluatmg the same groups of pixels for each of the 
one or more derived images independently. 
25 40. The method of claim 39 including the step of considering the features 

simultaneously. 

41 . The method of claim 39 including the step of basing one of the features on 

edge data and another of &e features on region data. 
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42. A camera system for controlling a device other than a camera comprising: 
a camera having a lens, the lens having at least a first and second radial 

distortion coefficient, the first coefficient having a value of at least about 1.0 and the 
second coefficient havmg an absolute value of at least about 1 .0; 
5 a signal generator for generating a camera signal indicative of a field of view 

through the lens; 

an analyzer which receives the camera signal and analyzes the camera signal 
for detection of an object or motion, the analyzer generating a detection signal indicating 
the object or motion; and, 
10 a device controller receiving the detection signal and controlling the device 

in response thereto. 

43. The system of claim 42 wherein the analyzer having means for analyzing 
image content while compensating for the radial distortion. 

44. The system of claim 43 \Adieiein the analyzer determines the radial distortion. 
15 45 . The system of claim 42 wherein the analyzer having means for determining 

the size of objects in the field of view. 

46. The system of claim 42 including code for representing radial distortion as 
a standard radial distortion polynomial system wherein the polynomial system having 
sixth-powered terms, the coefficients of which are non-zero. 
20 47. A camera system for controlling a device other than a camera comprising: 

a camera having a lens, the lens having a field of view of at least about 53 

degrees; 

a signal generator for generating a camera signal indicative of the field of 
view through the lens; 

25 an analyzer vMch receives the camera signal and analyzes the camera signal 

for detection of an object or motion, ttie analyzer generating a detection signal indicating 
the object or motion; and, 

a device controller receiving Ibe detection signal and controlling the device 



I 



wo 02/19698 PCTAJSOl/27351 



42 



in response thereto. 

48. The system of claim 47 wherein tibie 1^ having a field of view of at least 90 
degrees. 

49. The system of claim 47 wherein the analyzer having means for analyzing 
5 image content while compensating for the radial distortion. 

50. The system of claim 49 wherein the analyzer determines the radial distortion. 

5 1 . The system of claim 47 wherem the analyzer having means for determining 
the size of objects in the field of view. 

52. The system of claim 47 including code for representing radial distortion as 
10 a standard radial distortion polynomial system wherein the polynomial system having 

sixth-powered terms, the coefficients of which are non-zero. 

53. A camera system for controlling a device o&er than a camera comprising: 
a camera having a lens, the lens having an image diagonal and a focal length, 

wherein the image diagonal is greater than the focal length; 
15 a signal generator for generating a camera signal indicative of the field of 

view through the lens; 

an analyzer which receives the camera signal and analyzes the camera signal 

for detection of an object or motion, the analyzer generating a detection signal indicating 

the object or motion; and, 
20 a device- controller receiving the detection signal and controlling the device 

in response thereto. 

54. The system of claim 53 wherein the image diagonal is at least twice the focal 
length. 

55. The system of claim 53 wherein the analyzer having means for analyzing 
25 hnage content while compensating for the radial distortion. 

56. The system of claim 55 wherein the analyzer deteraiines the radial distortion. 

57. The system of claim 53 wherein the analyzer having means for detennining 
the size of objects in the field of view. 
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58. The system of claim S3 including code for representing radial distortion as 
a standard radial distortion polynomial system wherein the polynomial system having 
sixth-powered terms, the coelBBcients of which are non-zero, 

59. A camera comprising: 
5 a) a lens; 

b) a detector located so as to have light focused upon the detector firom the 
lens, the detector generating an image signal; 

c) a controller receiving the image signal; and 

d) a gain control adjusting gain of the image signal from the detector based 
10 upon a histogram of grey-scale values of the image. 

60. The camera of claim 59 wherein tiie detector is selected from the groiq> 
consisting of a CCD-based detector and a CMOS-based detector. 

61. A method of image processing comprising the steps of: 

capturing a pixel image of a field of view from a single point of view; 
15 electronically analyzing the image to determine pixel groups in die image 

corresponding to objects in the field of view; and 

deteimining the spatial location of objects in the field of view corresponding 
to the pixel groups. 

62. A method of image processing comprising the steps of: 

20 providing an array of sensors, the array having a first field of view of a 

volumetric space; 

defining a two-dimensional pixel image from signals sent from the array; (the 
pixel image providing a two-dimensional representation of the volumetric space) 

predetermining a desired coordinate system in the volumetric space; and, 
25 utiliTing information regarding a pose of the array and the coordinate system 

to electronically determine the relation between pixel coordinates in the image to spatial 
coordinates in the three-dimensional space. 

63. The method of claim 62 including the steps of: 
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providing a lens with a radial distortion to focus energy £rom a second field 
of view to the array; and, 

adjusting the relation of pixel values to spatial location. 

64. The method of claim 62 including the step of electronically determining the 
5 effective resolution of the array of sensors within the field of view relative to tiie 

coordinate system unit of measure. 

65. The method of claim 64 including the step of controlling a detection 
characteristic over the entire field of view by utilizing the determined resolution values. 

66. The method of claim 64 including the step of adjusting detection threshold 
10 limits by utilizing the deteiinined resolution values. 

67. The methods of claims 64-66 including the step of predetermining apixel area 
corresponding to a representative size of objects of interest for detection. 

68. The method of claim 62 including the step of providing an array of sensors 
arranged in a substantially planar relationship. 

IS 69. The method of claim 62 including the step of utilizing information regarding 
location and orientation of the array and the coordinate system to electronically determine 
the relation between pixel coordinates in the image to spatial coordinates in tiie three- 
dimensional space. 

70. The method of claim 62 including the Step of utilizing information regarding 
20 intrinsic parameters of the imaging system and the coordinate system to electronically 

determine the relation between pixel coordinates in the image to spatial coordinates in 
the three-dimensional space. 

71 . The method of claim 62 including the step of predetermining a homogeneous 
coordinate system in the volumetric space. 

25 72. The method of claim 71 including the step of utilizing information i^garding 
a pose of the array and the homogeneous coordinate system to electronically determine 
the relation between pixel coordinates in the image to spatial coordinates in the three- 
dimensional space. 
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73. ThemethodofclaimTl including the step of utilizing aprojective perspective 
transfonnation to electronically determine the relation between pixel coordinates in the 
image to spatial coordinates in the three-dimensional space. 

74. The method of claim 73 including the step of adding a radial distortion 
5 correction to the projective perspective transformation to electronically determine the 

relation between pixel coordinates in the image to spatial coordinates in the three- 
dimensional space. 

75. The method of claim 62 including the step of providing a CCD, the CCD 
having a first field of view of a volumetric space. 

10 76. A method of image axudysis comprising the steps of: 

providing a pixel image of at least a portion of a field of view of a sensor; 
determining pixels in the image \^diich likely correspond to obj ects in the field 

of view; 

discriminating between pixels so determined to define spatially discrete 
15 groups of pixels; and, 

labeling each group of pixels. 

77. A timer for monitoring a processor comprising: 

a first circuit for resetting the processor when improper function is detected; 

and 

20 a second cm^uit for maintaining a safe output condition when the processor 

is not controlling the output condition. 

78. The timer of claim 77 including a temperature monitor. 

79. The timer of claim 78 wherem the temperature monitor generates an output 
signal when the processor temperature exceeds predetermined operating limits. 

25 80. The timer of claim 79 wherein the temperature monitor is connected to the 

first circuit for resetting the processor when the processor temperature exceeds the 
predetermined operating Iknits. 
81. A monitoring device comprising: 
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a sensor for sensing energy from an environment and providing an output 
indicative of same; 

an image fomxed fix>m fhe output of the sensor; 

a &st analyzer for analyzing a first portion of the image; and 
5 a second analyzer for analyzing a second portion of the image distinct from 

the first portion of the image and each generating a signal indicative of the respective 
portion of the image analyzed by the respective analyzer. 

82. A monitoring device comprising: 

a sensor for sensing energy firom an environment and providing an output 
10 indicative of same; 

an image formed from the output of the sensor; 

n analyzers for analyzing n portions of the image, each portion being distinct; 

and 

each analyzer generating a signal indicative of the respective portion of the 
15 image analyzed by the respective analyzer. 

83 . A camera having a lens and optionally a transparent lens cover and having a 
field of view through the lens and optionally through the lens cover comprising: 

a storage device for storing logic and data and codifying criteria representative 
of conditions having an effect on the field of view; 
20 an imager for obtaining and storing an image representative of the field of 

view; 

a processor for processing data derived fi:om the image for use in comparison 
to the criteria; and 

a generator for generating control signals representative of the image. 
25 84. The camera of claim 83 including frame analysis algorithms for evaluating 

image quality of the camera. 

85. The camera of claim 83 including fiame analysis algorithms for evaluating 

changes in position or orientation of the lens relative to camera enviromnent. 
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86. The camera of claim 83 including fiame analysis algorithms for evaluating 
image failure of fhe camera. 

87. The camera of claim 83 wherein the conditions that impact the view through 
the lens and optionally a lens cover are selected firom the group consisting of substances 

5 contacting the lens or lens cover, level of lighting in the view, imusually bright or dark 
spots in the view, overall flux of electromagnetic energy passing through the lens, and 
obstruction of the lens by other objects. 

88. The camera of claim 83 wherein the processor has a generator for generating 
histograms from the image and the storage device has data relative to histogram criteria. 

10 89. The camera of claim 88 wherein the data relative to histogram criteria is 

derived by acomparisonbetweenapredeterniinedhistogram and abistogram determined 
firom the image representative of the field of view. 

90. The camera of claim 87 wherem the processor has a generator for generating 
histograms fiom the image and the storage device has data relative to histogram criteria. 
15 91. The cam^ of claim 90 wherein the data relative to histogram criteria is 
derived by a comparisonbetween apredetermined histogram and a histogram determined 
firom the image representative of the fiield of view. 

92. The camera of claims 87-91 wfa^inthe substances contactingthe lens or lens 
cover are selected fi'om the group consisting of dirt, dust, oil, water, organic film, 

20 inorganic film, soot and metal fines. 

93. The camera of claim 83 wherein the conditions are selected firom the group 
consisting of normal and abnormal. 

94. A system for defogging a window comprising: 
an electrically conductive terminal; and 

25 a PTC material adj oining the conductive terminal and operably coupled to the 

window. 

95. The system of claim 94 further comprising another electrically conductive 
terminal adjoining the PTC material. 
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96. The system of claim 95 further comprising a voltage potential coupled to the 
electrically conductive terminals. 

97. The system of claim 94 wherein the electrically conductive terminal has an 
aperture extending therethrough, 

5 98. The system of claim 94 wherein the PTC material has an aperture extending 

therethrougL 

99. The system of claim 94 wherein the electrically conductive terminal and the 

PTC material have ap^iures extending therethrough and in coaxial alignment with each 
other. 

10 1 00. An apparatus comprising: 

a housing having an opening; 

a window mounted over the opening; 

a PTC material operably coi^led to the window. 

101. The e^patatus of claim 100 further comprising an electrically conductive 
15 terminal connected to the PTC material. 

102. The apparatus of claim 101 further comprising another electrically conductive 
terminal adjoining the PTC material. 

103. The apparatus of claim 101 further comprisuig a voltage potential coupled to 
the electrically conductive terminal. 

20 104. The apparatus of claim 101 wherein the electrically conductive terminal has 
an aperture extending therethrough. 

105. The apparatus of claim 100 wherein the PTC material has an aperture 
extending therethrough. 

106. The apparatus of claim 101 wherein the electrically conductive terminal and 
25 the PTC material have apertures extending therethrough and in coaxial aligmnent with 

each other and the opening in the housing. 

107. The q)paiatusofclaim 100 further comprising a camem mounted witto 
housing. 
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108. The apparatus of claim 107 wherein thecamerahasafield-of-view extending 
through the window. 

109. The apparatus of claim 108 wherein the field-of-view includes at least part 
of a pathway to a door. 

5 110. The apparatus of claim 109 further comprising a door opener operably 
coupled to the door and responsive to objects detected within the field-of-view. 

111. An input device for communicating with a controller for an automatic door 
comprising: 

a first sequencing key vAdch is configured to prompt a user to enter a first set 
10 of data into the device when actuated a first time and prompt the user to enter a second 
set of data when actuated a second time; 
at least one ii^ut key; and 
at least one input 

1 12. The device of claim 111 including a display for displaying user iirput. 

15 113. The device of claim 111 including a display for displaying pre-stored user 
options for selection in response to prompts fiom the first sequencing key. 
1 1 4. The device of claim 113 wherein the display displaying only a portion of the 
pie-stored^data to be displayed for each actuation of the at least one input key. 
lis. The device of claims 11 1-1 14 includiag an input selector which accepts and 

20 stores user input when actuated. 

116. The device of claims 112-115 including a second sequencing key which is 
configured to prompt a user to enter a third set of data into the device using a first display 
key when actuated a first time and prompt the user to enter a fourth set of data into the 
device using the first display key when actuated a second time. 

25 117. The device of claims 112-115 including a second sequencing key which is 
configured to prompt a user to enter a third set of data into the device using the first 
display key when actuated a first time and prompt the user to enter a fourth set of data 
into the device using a second display key when actuated a second time. 
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1 18. The device of claims 112-1 17 including a third sequencing key which is 
configured to prompt a user to enter a fiffli set of data into the device using a first display 
key when actuated a first time and prompt the user to enter a sixth set of data into the 
device using the first display key when actuated a second time. 
5 119. The device of claims 112-117 including a third sequencing key which is 
configured to prompt a user to enter a fifth set of data into the device using the first 
display key when actuated a first time and prompt the user to enter a sixth set of data into 
the device using a second display key when actuated a second time. 

120. The device of claim 116 wherein the first and second sequencing keys are 
10 configured witii a hierarchy, the hierarchy allowing the first sequencing key to override 

operation of the second sequencing key. 

121. The device of claim 118 wherein the first and third sequencing keys ate 
configured with a hierarchy, the hierarchy allowing the first sequencing key to override 
operation of the third sequencmg key. 

15 122. The device of claim 118 wherein the first, second and third sequencmg keys 
are configured with a hierarchy, the hierarchy allowing the first sequencing key to 
override operation of the second and third sequencing keys. 

123 . The device of claim 111 wherein the at least one input is a numerical input 

124. The device of claim 111 wherein the at least one input is an alpha input. 

20 125. A sensor system for controlling an automatic door which has a door panel 
selectively blocking an opening comprising: 

a sensor having a field of view of areas of interest about the opening and a 
signal output relative to objects sensed in the field of view of the sensor; 
a signal processor responsive to sensor ou^ut signals; 
25 a door drive responsive to the signal processor; and 

an input device having a signal output, the signal processor responsive to 
output signals firom the input device^ 

vlierein the inpxit device having a pose input for peimitting a user to input 
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data indicative of the pose of the sensor as mounted to obtain the field of view. 

126. The sensor system of claim 12S wherein the pose mput includes installed 
height of the sensor. 

127. The sensor system of claim 125 wherein the pose input includes a nominal 
5 height of the sensor. 

128. The sensor system of claim 125 wherein the pose input includes a model 
number of the door associated with the field of view. 

129. . The sensor system of claim 125 wherein the pose input includes a width of 
the opening. 

10 130. The sensor system of claim 125 wherein the pose input mcludes a length of 
the opening. 

131. The-sensor system of claim 125 wherein the pose input includes afirst 
position of an activation zone. 

132. The sensor ^stem of claim 125 v^rein the pose input includes a second 
15 position of an activation zone. 

133. An input device for communicating with a door drive responsive to a sensor 
which has a field of view of areas of interest about the door, the device comprising: 

a first tier of selectable input selectors; and 

a second tier of selectable input selectors; 
20 wherein the first and second tiers being configured such that user input into 

the first tier of selectable input selectors controls the availability of selections for input 
on the second tier of selectable input selectors. 

134. A sensor system for controlling an automatic door which has a door panel 
selectively blocking an opening, the sensor system comprising: 

25 a sensor configured to sense objects in a field of view; and 

an input device having an output for communication with a controller for the 
automatic door, the input device having a user input relative to the sensor height. 

135. The system of claim 1 34 wherein the input device having auser input relative 
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to the door width. 

1 36. The system of claim 1 34 wherein the mput device havmg a data set stored 
relative to door model. 

137. An image analyzer for data processing comprising: 
5 a FPGA for pixel processing; 

a CPU operably connected to the FPGA in parallel; and 
a video buffer operably connected to the CPU. 

138. A process for performing high-rate data processing comprising the steps of: 
providing a CPU for processing a current frame; 

10 providing a FPGA for simultaneously processing a next frame to generate a 

FPGA output; 

storing the FPGA ou^ut in a storage bank; 
retrieving the FPGA output from the storage bank; and 
sending the FPGA output to the CPU for processing. 
15 1 39. A process for initializuig a video system comprising the steps of: 
initializing a FPGA; 
selecting a first ping-pong data set; 
instructing the FPGA to capture a video fi:ame; 
initializing at least one reference image; 
20 instructing the FPGA to process the at least one reference image to generate 

FPGA outputs; and 

transferring the FPGA outputs from the FPGA to the first ping-pong data set. 
140. A system for controlling an effector comprising: 

a sensor configured and adapted to sense one of either active or passive 
25 energy or both from a field of view; 

an imager configured to form an image from the energy sensed by the sensor; 
an image analyzer responsive to the imager, the image analyzer being 
configured and adapted to define image content information from the image; 



wo 02/19698 



PCT/USOl/27351 



53 

a decision maker responsive to the image analyzer, the decision maker being 
adapted and configured to make detemunations about the presence of a/an (stationary) 
object in the field of view from the image content information; and, 

a first controller for controlling the effector, the first controller being 
5 responsive to the decision maker, 

141. The system of claim 1 40 wherein the decision maker having a first decision 
metric, the first decision metric being based upon the relationship of selected image 
information content to a first predetemiined area or zone within the image. 

142. The system of claim 141 wherein the decision maker having a first decision 
10 metric, the first decision metric being based upon the relationship of selected image 

information content to a second predetermined area or zone within the image. 

143. The system of claim 141 or 142 wherein &e selected image information 
content is determined by the decision maker to be indicative of the object. 

144. The system of claim 143 wherein the relationship to the area or zone is 
15 Umited to whether at least a portion of the object is within the first or second 

predetermined zones. 

145. A system for controlling an automatic door which selectively blocks ah 
opening, the system comprising: 

a sensor configured and adapted to sense one of either active or passive 
20 energy or both from a field of view; 

an imager configured to form an image from the energy sensed by the sensor; 

an image analyzer responsive to the imager, the image analyzer being 
configured and adapted to define image content information from the image; 

a decision maker responsive to the image analyzer, the decision maker being 
25 adapted and configured to make determinations about the objects in the field of view 
based upon the image content information; and, 

a door controller for controlling at least the opening and closing of the door, 
the door controll^ being responsive to the decision maker. 
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146. The system of claim 1 45 \s^erein die decision maker having a first decision 
metric, the first decision metric being based upon the relationship of selected image 
information content to a first predetermined area or zone within the image. 

147. The system of claim 146 wherein the decision maker having a first decision 
5 metric, the first decision metric being based upon the relationship of selected image 

information content to a second predetermined area or zone within the image. 

148. The system of claim 146 or 147 wherein the selected image information 
content is indicative of the presence of a stationary object. 

149. The system of claim 148 wherein the relationship to the area or zone includes 
10 whether at least a portion of the object is within the first or second predetermined zones. 

150. The system of claim 146 or 147 wherein the relationship to the area or zone 
includes whether at least a portion of an obj ect is within the first or second predetermined 
zones. 

151. The system of claim 145 including a geometry mapper which translates the 
15 dimensions and geometries of the field of view to coordinates of pixels comprismg the 

images. 

1 52. An object position locator consisting of a single camera for generating pixel 
images for analysis, comprising: 

an image analyzer having an obj ect detection algorithm which determines the 
20 existence of objects in a field of view of the camera; 

a labeler for providing a discrete identity to an object in the pixel image; and 
a position locator for determining coordinates of the object within the pixel 

image. 

1 53. A monitoring device comprising: ^ 

25 a sensor for sensing energy &om an environment and providing an output 

indicative of same; 

an image formed from the output of the sensor, 

n analyzers for analyzing n portions of the image, eachportion being distinct; 
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and 

each analyzer generating a signal indicative of the respective portion of the 
image analyzed by the respective analyzer, 

1 54. A surveillance system comprising: 

5 multiple sensors, each sensor being deployed at an individual location of 

interest, each sensor having a field of view and generating a sensor signal indicative of 
objects within its field of view; 

one or more signal analyzers for receiving sensor signals and determining 
from the signals the presence of objects of interest or motion in the respective fields of 
10 view of the multiple sensors, and for generating a display signal repiesen^tive of the 
multiple fields of view and for gen^ting detection signals indicative of object presence 
or motion in respective ones of the multiple fields of view; 

at least one viewer for receivmg display signals and generating and displaying 
human interpretable data representative of selected fields of view; and 
1 5 a controller receiving at least the detection signals firom the signal analyzers, 

the controller determining firom the detection signals which field of view will be 
displayed on the at least one viewer. 

1 55 . A system for defogging a window comprising: 
an electrically conductive terminal; and 

20 aPTC material adjoining the conductive terminal and operably coupled to the 

window. 

1 56. The system of claim 1 55 further comprising another electrically conductive 
teraunal adjoining the PTC material. 

157. The system of claim 156 further comprising a voltage potential coupled to the 
25 electrically conductive terminals. 

158. The system of claim 1 55 wherein the electrically conductive terminal has an 
^©rture extendmg therethrough. 

159. The system of claim 1 55 wherein the PTC matmal has an ^erture extending 
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fherethioiigh. 

1 60 . The system of claim 155 wherein the electrically conductive terminal and the 
PTC material have apertures ext^ding therethrough and in coaxial alignment with each 
other. 

5 161. An apparatus comprising: 

a housing having an opening; 

a window mounted over the opening; 

a PTC material operably coupled to the window. 

162. The apparatus of claim 161 further comprising an electrically conductive 
10 terminal connected to the PTC material. 

163. Theapparatus of claim 1 62 further cotqnising another electrically conducti^^ 
terminal adjoming the PTC material. 

1 64. The apparatus of claim 1 62 further comprising a voltage potential coupled to 
the electrically conductive terminal. 

15 1 65. The apparatus of claim 162 wherein the electrically conductive terminal has 
an aperture extending therethrough. 

166. The apparatus of claim 161 v^erein the PTC material has an aperture 
extending therethrough. 

1 67. The apparatus of claim 162 wherein the electrically conductive terminal and 
20 the PTC material have apertures extending therethrough and in coaxial alignment with 

each other and the opening in the housing. 

168. The apparatus of claim 161 further comprising a camera mounted within the 
housing. 

169. The apparatus of claim 168 whereinthecamerahasafield-of-viewextending 
25 through the window. 

170. The apparatus of claim 169 wherein the field-of-view includes at least part 
of a pathway to a door. 

171. The 25)paratus of claim 170 further comprising a door opener opembly 
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coupled to the door and responsive to objects detected within the field-of-view. 

1 72. A system for controlling a door comprising: 
a camera for collecting image data; 

a control miit receiving im^e data jfrom the camera; and 
5 a drive motor for controlling the opening and closing of the door, the drive 

motor receiving control signals from the control unit 

173. The system of claim 172 wherein the control unit has means for defining at 
least a portion of an image as a control zone. 

174. The system of claim 173 including afirst control zone wherein selected imc^e 
10 data within the first control zone will cause a control signal to open the door. 

175. The system of claim 173-174 uicluding a second control zone wherein 
selected image data within the second control zone will generate a first control condition 
preventing the door bom closing. 

176. The system of claim 173 wherein the means for defining includes choosing 
15 coordinates fi'om all pixel coordinates by direct access witiiin the control zone. 

1 77. The system of claim 1 73 wherein the means for defining mcludes choosing 
firom multiple predefined zones. 

178. The system of claim 1 73 vdierein the means for defining includes putting real 
objects in a field of view so as to delineate boundary coordinates and the real objects 

20 become part of the image data, the control zone being defiined firom the real objects image 
data. 

1 79. The system of claim 1 72-1 74 wherein 

the control unit analyzes the image data in the first control zone at a first time; 
the control unit analyzes the image data in the first control zone at a second 

25 time; and 

the control unit compares the image data at the first time and the image data 
at the second time to determine whether an object is present in the first control zone. 
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1 80. The system of claim 179 wherein the object is analyzed to determine if any ^ 
portion of the object is within the first control zone. 

181. The system of claim 180 wherein the selected image data within the first 
control zone causes the control signal to open the door if any portion of the object is 

5 within the first control zone. 

' 1 82. The system of claim 181 wherein the control unit chooses a portion of the 
object to determine a bottom edge of the object. 

1 83 . The system of claim 1 82 wherein the control unit analyzes the bottom edge 
to determine if the bottom edge is within the first control zone. 
10 184. The system of claim 183 wherein a fourth control zone is defined adjacent the 
first control zone, the fourth control zone possessing objects between the first control 
zone and the camera. 

185. The system of claim 184 wherein the fourth control zone is positioned, 
between the first control zone and the camera. 
IS 1 86. The ^stem of claim 1 85 wherein the presence of the object in the fourth 
control zone will prevent the first control zone &om sending the control signal to open 
the door. 

1 87. The system of claim 1 86 wherein the presmce of the object in the fourth 
control zone will cause the first control zone to send the control signal to open the door. 
20 188. The system of claim 172-175 wherein 

the control unit analyzes the image data in the second control zone at a first 

time; 

the control unit analyzes the image data in the second control zone at a second 

time; and 

25 the control unit compares the image data at the first time and the image data 

at the second time to determine whether an object is present in the first control zone. 
189. The system of claim 172-175 further including a third control zone wherein 
selected image data within the third control zone will generate a second control condition 
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preventing the door fiom closing. 

190. The system of claim 172-175 vrfierem the second control zone comprises a 
plurality of predetermined shapes. 

191. The system of claim 189-190 wherein the third control zone comprises a 
5 plxirality of predetermined shapes, the shapes of the third control zone being 

complementary to the shapes of the second control zone. 

1 92. The system of claim 1 9 1 wherein 

the control unit analyzes the image data in the third control zone at a first 

time; 

10 the control unit analyzes the image data in the third control zone at a second 

time; and 

the control unit compares the image data at the first time and the image data 
at tile second time to determme whether an object is present in the third control zone. 

193. The system of claim 172-174 viierein the first control zone includes means 
15 for comparing the image data to a plurality of us^ specified dimensions. 

194. The system of claims 172-193 wherein the camera senses energy selected 
fiom the group consisting of: visible light waves, infirared lights waves, microwaves, 
radar and sound waves. 

195. The system of claim 173-194 wherein a user can enter data to define at least 
20 one control zone parameter firom tiie group consisting of area, location, shape, number 

of control zones and control criteria. 

196. The system of claims 1-194 wherein the sensor is a camera. 

197. A system for controlling a door comprising: 

a sensor, the sensor having, for example, a beam for sensing coherent energy 
25 fi-om objects near the door; 

a control unit receiving electronic values firom the sensor indicative of energy 
sensed by the camera; 

a drive motor for controlling, the opening and closing of the door, the drive 
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motor receiving control signals from the control unit; and 

means for defining a portion of a beam pattern as a control zone. 
198. The system of claim 197 wherein the control zone is a beam pattem 
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Image Operator Definitions 

(-) Positive difference (of 1^ grey-scale (8-biQ images) 

Py-Q9-Pij-QlfifPi)>Qy 
BO,oth»wise. ^ 

pixel-wise (bit^wiee) (inclusive) logical OR (of two binaiy images) 
fhreshold (an S-bIt image) 
lfPg>THRESthen 
Bse 

pgao 

IT fnvert/tiiresliold 

P0*255-P9 
ifPQ>THRESthen 
P| = 1 



py=o 

binaiy eiDsion, 3x3 
3x3 kernel Ke 



1 


JL... 


1 


1 


C 


J. 


.1 


.1 


1, 



rf center = 0« do nothing, next kernel position 
if center = 1 {black} then test to see if stiould change to white... 
if sum of 8 neighbors <^ 4« set center « 0 

set image boundaiy to 0 

binary dilation, 3x3 

3x3 kernel Kd 



1.. 


1 


1 


1 


C 


1 


4. 


1 


1 



if center =5 1 . do nothing, next kernel position 
if center = 0 {white} then test to see if should change to black... 
if sum of 8 neight)ors >^4, setcenter^ 1 
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S Sobel edge operator, 3x3, (sum absolute values, amplitude only) 

Convolve input image standard Sobel 3x3 (horizontal & verticaf) 
kernels Ksh, Ksv produdMg inner products h & v respectively 

Ksh' 



Ksv 



1 


2 


1 


0 


a 


.Q ... , 


-1 


.? 


-1 




-1. 


0 


1 


-2 


0 




-1 


J}. 


1 



Output^ s abs(h) * abs(vj) 
set image boundaiy to 0 
AD absolute deviation, 3x3 
3x3 kernel Kad 



AO 



1 


1 


1 


.1... 


X 


1 


1 


1 


JL. 



Calculate Mk & Sk on the kernel (8 elements) 

Mk = right shift 3 bits (sum Py on Kad ) 

Sk " ifght shift 3 bits (sum abs(Pq - Mk) on Kad ) 

Outputo»^ 
s^image boundary to 1^ 
region lalteling, first pass 

2x2 kernel KaO over binary image per attached C-code segment 
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